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BACKGROUND. Intravenous microfoam sclerotherapy solutions 
can potentially cause cerebrovascular arterial embolization. 
objective. To determine the relationship between polidocanol 
microfoam formulation and arteriolar embolization bubble lodg- 
ing and clearance in vivo. 

METHODS. Three polidocanol microfoams (one made by the dou- 
ble-syringe method using air and two Varisolve (Provensis, Inc., 
West Ccnshohocken, PA, USA) formulations using different 
physiologic gas mixtures composed primarily of oxygen and car- 
bon dioxide and dispensed from a proprietary canister mecha- 
nism) were mixed with venous blood and injected into the rat 
cremastcr arterial microcirculation. Bubble dimensions and 
dynamics were recorded using intravital microscopy. 

CANCERS AND LOANED THE MAGNETIC STIRRER AND ULTRASOUND PROBE. 



RESULTS. Bubble entry frequency, size, and dynamics depended on 
microfoam formulation. Air-based bubbles (2.72 ± 1.38 nL; n = 
21) lodged, obliterating blood flow. Varisolve bubbles (0.20 ± 
0.02 nL; « = 2 and 0.53 i 0.27 nL; « = 27 for the two gas com- 
positions) entered but either did not lodge or cleared within sec- 
onds. Bubble size and number were different among these micru- 

CONCLUSlONS. Both Varisolve formulations produced smaller 
embolism bubbles than occurred with air-based microfoam. 
Rapid clearance of Varisolve bubbles suggests that they are so 
small that they do not have adequate surface area available for 
significant binding interactions with arteriolar endothelium. 
Larger air-based bubbles obstruct arteriolar vessels and block 
blood flow. 



SCLEROTHERAPY IS a common chmcal treatment to 
eliminate intracutaneous, subcutaneous, and transfasctal 
varicose veins and to etadicate venous malformations. 
Injection of liquid sclerosant has been shown to obliterate 
varicose veins and improve venous hemodynamics. 1 Scle- 
rotherapy provokes endothelial injury, which transforms 
the venous structure into a fibrous cotd that cannot be 
recanaiized. 2 There has been a recent upsurge in the use or 
foamed sclerosant preparations. 3 - 6 Compared with liquid 
sclerosants, foams have a large coverage surface area, thus 
increasing endothelial exposure. Foam sclerotherapy leads 
to a more satisfactory clinical outcome than does liquid 
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sclerotherapy, 7 -' although no specific standards apply to 
the treatment of venous diseases. 10 

Although apparently safe and effective in providing 
great success at low cost and with few major complica- 
tions," foam injection does have risks. One potential risk 
is cerebrovascular gas embolization resulting from foam 
traversing a patent foramen ovale (PFO). 11 The German 
Society of Phleboiogy's guidelines for varicose vein scle- 
rotherapy state that "in the case of known symptomatic 
open oval foramen, special caution should be used." K! 
Some elements of these precautionary words must be 
focused on the many details involved in the production 
and administration of safe and effective sclerosants and 
their relationship to cerebrovascular arterial gas emboliza- 
tion. Examples include which gas mixtures used in foam 
production preferentially influence the rate of embolism 
bubble absorption and which methods of foam agitation 
create appropriately sized bubbles to minimize the risks of 
cerebrovascular blood flow obstruction. 

We hypothesized that arterial embolization pattern 
(microbubble volume, diameter of vessel embolized, num- 
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ber of bubbles trapped) and dynamics (bubble dissolution, 
displacement further into the periphery) depended on 
m icro! gas compos on, foam volume injected, and 
foam agitation method. We anticipated that foam gas 
composition and careful control of bubble size would pro- 
duce bubble conformations favoring more rapid bubble 
clearance and speeding restoration of blood flow. We 
tested these hypotheses by injecting three different polido- 
canol microfoams into the rat cremaster arterial microcir- 
culation. We used intravital microscopy to measure bubble 
dimensions and number following embolization, bubble 
conformational changes postembolization, and the effects 
of the sclerosant agent on arterial blood vessel reactivity. 



Methods 

Animal Model f reparation 

Adult male Wistar rats (n = 22; 202-340 g) were handled 
according to specifications set forth by The University of 
Pennsylvania Animal Care and Use Committee, in confor- 
mance with National Institutes of Health guidelines. After 
induction of anesthesia with haiothane in a closed cham- 
ber, the rats were placed in a supine position on a special- 
ized Plexiglas tray and were instrumented (tracheotomy- 
catheter placement into the right jugular vein, right 
femoral artery, and left carotid artery; right cremaster 
muscle dissection) for intravital microscopy viewing of the 
cremaster muscle microcirculation, as we have previously 
described and illustrated in detail.' 4 -' 6 Animals were ven- 
tilated (Ventilator Model 683, Harvard Apparatus, Hol- 
iiston, MA, USA), with 1.2% haiothane in an air-O, mix- 
ture (fraction of inspired oxygen = 0.3). Blood pressure 
and heart rate were monitored with the carotid PE 50 
catheter (Instech Solomon, Plymouth Meeting, PA, USA). 
The jugular venous catheter (MRE 040, Braintree Scien- 
tific, Bra intree, MA, USA) was used for fluid administra- 
i ion of venous blood for mixing with 
microfoam. The femoral artery catheter (MRE 025, Brain- 
tree Scientific) was positioned so that the cremaster micro- 
circulatory bed blanched on saline injection. This catheter 
tip position provides a reliable means of directing mjectate 
(cs ' -. line or venous blood mixed with microfoam) into 
the' cremaster arteriolar microvasculature."- 16 Tempera- 
ture was monitored with a rectal thermometer and main- 
tained at 3TC with a hearing pad. 

Small (10-200 um in diameter) cremaster vessels were 
viewed using 5 a videomicroscopy workstation consisting of 
a compound microscope (Orthoplan II, Leitz, Wetzlar, 
Germany), video camera (Model CA2063, Microimage 
Video Systems, Boyertown, PA, USA), video image ana- 
lyzer and micrometer (Model VIA-150, Boecheler Instru- 
ments. Tucson, AZ, USA), monitor (Model PVM- 
1343MD. Sony, Tokyo, Japan), and video cassette 
recorder (Panasonic AG1970, Matsushita Electric Indus- 



trial, Osaka, Japan). The cremaster was superfused at 
2 mL/min with a warmed (34°C), gassed (95% N 2 /5% 
CO,) Krebs buffer containing 132 mmol/L NaCl, 
25 mmol/L NaHCO,, 5 mmol/L KC1, 1.2 mmol/L MgCl, 
and 2 mmol/L CaCl 2 ; The cremaster muscle was given 30 
minutes to equilibrate before any experimentation was 
begun. To demonstrate preservation of robust vascular 
responses following cremaster muscle preparation, sepa- 
rate 0.5 mL boluses of 10-* moI/L acetylcholine (Sigma 
Chemicals, St. Louis, MO, USA) and phenylephrine 
(Sigma Chemicals) were diluted in a Krebs buffer and 
added topically to the tissue. At least 10 minutes passed 
after the use of each agent before another agent was 
applied or before foamed sclerosant was injected. This 
time lag allowed for complete elimination of the topical 
agent and total restoration of native vessel tone without 
influencing bubble passage. 14 - 16 Tissue responses were con- 
sidered intact if phenylephrine elicited at least a 20% 
decrease in vessel diameter and if acetylcholine elicited at 
least a 50% increase in diameter from baseline. Animals 
not meeting these criteria were not studied further. 

Vessel Reactivity Following Liquid Polidocanol 
Administration 

Four animals were prepared as described above. Aqueous 
3% liquid polidocanol (30 mg/mL; Kreussler Pharma 
GmbH, Wiesbaden, Germany) was injected intra- 
venously (1 pL/g body weight). Vascular responses to 
topical acetylcholine and phenylephrine were measured 
at baseline and from 5 to 75 minutes after polidocanol 
dosing. 

Polidocanol Microfoam Preparation 
Microfoam was prepared from 1% polidocanol in three dif- 
ferent ways. A double-syringe system was employed to cre- 
ate air-based foam with a polidocanol to air ratio of 1:4. A 
0.22 pm filter and two 3 mL syringes were attached to a 
three-way stopcock. One syringe contained 500 pL of liq- 
uid polidocanol (10 mg/rr.L; McGuff Compounding Phar- 
macy Services, Inc., Santa Ana, CA, USA). Room air (2 mL) 
was aspirated through the filter into the other syringe. The 
stopcock valve was turned, and the liquid was agitated into 
foam between the syringes, as described by Hamel-Desnos 
and colleagues. 8 The other two microfoam preparations 
studied use the "two-canister" Varisolve system developed 
by Provensis, Inc. (West Conshohocken, PA, USA). The dif- 
ference in their manufacturing process involving pressur- 
ization of the canister led to the production of two different 
proprietary gas mixtures for foam formation, which are 
referred to as Varisolve type A and Varisolve type B. The 
exact formulation is a matter of protected intellectual prop- 
erty, but the two are slightly different mixtures of physio- 
logic gases, both containing principally oxygen and carbon 
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dioxide, as opposed to room air, which is, within reason, 
79% nitrogen and 21% oxygen. In alt cases, foam was pro- 
duced and dispensed immediately before its introduction 
into the syringe and tubing connector assembly tor 

Cremaster Arterial Embolization with Polidocanol 
Mkrofoam-Laden Venous Blood 
A semiclosed syringe and tubing assembly including the 
femoral arterial and jugular venous catheters was used tor 
mixing, monitoring, and delivering the injectate, as shown 
in Figure 1. Tubing sections (MRE 040, Braintree Scien- 
tific) were joined with stainless steel three-way connectors 
(Small Parts, Inc., Miami Lakes, FL, USA) and were kept 
short to minimize dead space. Clamps in each section 
allowed selection of distinct paths for venous blood aspi- 
ration addition of microfoam, and injection of foam- 
laden venous blood into the cremaster arterial circulation. 
Tubing was flushed with 0.9% NaCI solution containing 
10 U/mL heparin sulfate ro keep it free from blood clots 
and clear of bubbles, except those emanating from the 
microfoam. 

The hub of a tuberculin syringe was sealed to contain 
two tubing section ends. One section couid be directed 
toward the femoral arterial line or the ;ugular venous 
catheter (or flush syringe). The other section was con- 
nected to a flush syringe or a 500 uL gas-tight microsy- 
ringe (Model 1750, Hamilton Company, Reno, NV, USA) 
used to introduce microfoam into the circuit. The tuber- 
culin syringe was loaded with five di-para- 
xylvlene-coated stainless steel magnetic tumble stirring 
d ; sks (Model VP 722F, V&P Scientific, Inc., San Diego, 
CA USA). This syringe rested above a magnetic tumble 
stirrer (Model VP 710C1 CE, V&P Scientific) 

An 8 MHz Doppler device (Super Dopplex H, Hunrleigh 
Healthcare Limited, Luton, Bedfordshire, United King- 
dom) equipped with an 8 MHz high-sensitivity probe 
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{Model VP8HS, Huntleigh Healthcare Limited) was used 
to monitor the femoral artery catheter for passage of bub- 
bles during injections. The probe rip was inserted into a 
thin-walled tube filled with ultrasound gel. The femoral 
line passed transmurally through the gel-filled tube, mak- 
ing a 30-degree angle with the Doppler probe tip. Audio 
output from the Doppler device was input into the video- 
recorder, providing synchronized ultrasound audio and 
videomicroscopy image recordings during injections. 

Animals (« = 6 per group) were randomly assigned to 
receive one microfoam product. Venous blood was with- 
drawn into the tuberculin syringe. The gas-tight microsy- 
ringe was loaded with microfoam, which was then added 
into the tuberculin syringe and stirred for 30 seconds. The 
micofoam-blood mixture was then injected through the 
femoral artery catheter. Microfoam dosing began at 50 pL 
in 200 uL of blood and was then increased by 100 pL of 
foam from 100 to 400 pL in 400 pL of blood. Small 
(~ 100 uL) boluses of injectate were delivered every 5 to 
7 seconds until the syringe was empty. The injection 
ceased if bubbles were observed in the video viewing field. 
Otherwise, saline boluses were injected after each com- 
pleted dose to demonstrate blanching and reconfirm the 
adequacy of the catheter tip position. In some cases m 
which the dosing schedule was completed without 
embolization being observed, microfoam alone was then 

'"'ifcremaster embolization was observed, entrapped 
bubbles were sought in the embolized artery and video- 
taped over time. If entrapped bubbles became dislodged, 
movements into the periphery were continuously tracked 
and recorded. Bubbles were observed until visualization 
was no longer possible either owing to complete absorp- 
tion or movement to a less favorable viewing area. Bubble 
and vessel dimensions were measured from the videotape 
using the videomicrometer. Bubble volume was calculated 
assuming axisvmmetry and a representative geometry con- 
sisting of a cylindrical core crowned with a hemispherical 
cap on each end. 14 " 18 




Statistical Analysis 

The results are presented as arithmetical mean ± standard 
deviation. Group variances were examined using the 1- 
test. For equal variances, statistical significance was estab- 
lished using analysis of variance, with p < .05 considered 
statistically significant using the Bonferroni correction. 
For vessel reactivity tests, changes within the same group 
at different time points were considered statistically sig- 
nificant for p < .05 using the paired Student's Mcst. The 
variances were not equal for analysis of the embolism bub- 
ble volumes with different microfoam formulations. In this 
case, the Mest for unequal variances was used to compare 
specific group means. 
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Vessel Reactivity Following Liquid Polidocanol 
Administration 

Vasodilation and vasoconstriction responses following liq- 
uid polidocanol administration are shown in Figure 2. 
Dilation after acetylcholine application exceeded 50% in 
each case, with no differences found in response at the 5-, 
30- or 60-mtnute time points compared with the baseline 
measurement (see Figure 2A). No differences were 
detected in vessel constriction following phenylephrine 
delivery at the 20-, 45-, and 75-minute time points com- 
pared with the baseline value, with vessel constriction 
exceeding 20% in each case (see Figure 2B). 




Cremaster Arterial Embolization with Polidocanol 
Microfoam-Laden Venous Blood 
Audio signals indicating bubble passage past the ultra- 
sound probe were detected with every injection of venous 
blood mixed with microfoam. There was no visual evi- 
dence of gas embolization of vessels in the viewing field on 
every injection. Visible embolization events were both dose 
and agent dependent, as seen in Figure 3. Visible bubble 
embolization occurred in all six air-based microfoam 
experiments. Four of the six embolization events occurred 
at low doses of either 50 uL of microfoam in 200 uL of 
blood or 100 pL of microfoam in 400 pL of blood. For 
Varisolve tvpe A, embolization was seen in five of the six 
experiments, all at doses of 300 or 400 uL of microfoam 
in 400 uL of blood. In one case for Varisolve type A, the 
entire dosing schedule was exhausted without bubble 
entry being seen. With Varisolve type B microfoam, visual 
confirmation of bubble embolization was made in one of 
six experiments at a microfoam dose of 300 pL in 400 pL 
of blood. Only two bubbles were seen entering the arterial 
circulation. The dosing schedule was otherwise completed 
without visual evidence of bubble entry. 

The size distribution of bubbles entering the cremaster 
circulation also depended on the microfoam agent 
injected. Tables 1 and 2 show the mean values and ranges 
of bubble volumes and dimensions observed for each study 
agent. The largest bubbles occurred with the air-based 
microfoam and had volumes 5 to 30 times greater than 
those seen with the Varisolve microfoams. The dimensions 
of 21 separate air-based microfoam bubbles, winch all 
lodged proximally in the primary arterial vessel feeding the 



Time following IV polidocanol dosing 



Figure 2. (A) Vasodilator response to topical application of acetyl- 
choline. (8) Vasoconstrictor response to topical application of 




Microfoam Dosing (ul foam/ixl blood) 

Figure 3. Microfoam dosing at which visible bubble entry occurred. 
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cremaster, were determined. Although bubbles were also 
found in vessels down to the capillaries, bubble dimen- 
sions were determined only from bubbles occupying, and 
not transiting, the largest and most proximal vessels. 

With injection of microfoam from the two Varisolve 
formulations, visible bubbles transited the arteriolar vas- 
culature without lodging. Data for bubble size distribution 
and number were obtained from video images of bubbles 
entering and transiting the microscope field of view. 
Twenty-seven bubbles were observed with Varisolve type 
A injections, and only two bubbles were seen in the Vari- 
solve type B experiments. Since bubbles in these groups did 
not lodge, statistical comparisons to the air-based micro- 
foam results have not been made. 



Table 1. Embolism Bubble Volumes 





Bubble 


Bubble 




Microfoam 


Volume 


Volume 


Number of 


Formulatio 


n Mean ± SO (nl) 


Range (nL) 


Bubbles 




2.72 ± 1.38" 


0.93-6.45 


21 


Varisolve 


0.53 ± 0.27* 


0.2-1.34 


27 


type A 5 




0.19-0.22 




Varisolve 


0.20 ± 0.02 


2 


type B 5 








♦Data are fo 


bubbles lodged in the ma 


n cremaster feeder 





'<p < .05 compared with Varisolve type A. 
•p < .05 compared with Varisolve type B. 
*Data are for bubbles transiting the cremaster microcirculation. 
Lodged bubbles not found for Varisolve types A and 8. 



Figure 4 shows representative images of intra-arterial 
microfoam bubbles. The - 60 urn diameter arteriole in Fig- 
ure 4A is completely filled with air-based microfoam bub- 
bles. Individual bubbles tracked over several minutes show 
very little change in bubble dimensions or positions of 
bubble interfaces. These bubbles remain entrapped, 
obstructing blood flow while they reabsorb slowly, with- 
out much distal displacement (also known as the stick- 
and-slip movement 1 ''' 15 ). Air-based foam bubbles remain 
evident in these experiments for more than 25 minutes 
after embolization has occurred. A markedly different 
behavior occurred with Varisolve type A (see Figure 4B) 
and type B (see Figures 4C and 5) embolization: bubbles 
rapidly transited the vasculature. The bubbles shown in 
Figure 4, B and C, are no longer visible in the next video 
frame taken one-thirtieth of a second later (not shown). 
No Varisolve type A or type B bubbles were found in the 
distal vasculature when moving the microscope stage to 
scan the cremaster muscle immediately after embolization 
occurred. With direct femoral artery injection of undiluted 
Varisolve type B microfoam, a considerable fraction of the 
cremaster arteriolar bed was filled with bubbles. These 
bubbles continuously moved distally and visibly lost vol- 
ume as the gas phase was reabsorbed. Figure 5 shows two 
images taken 32 seconds apart at slightly different, but 
overlapping, spatial positions. The large bubble appearing 
in Figure 5A filled the parent and daughter branches of an 
arteriolar bifurcation. In Figure 5B, this bubble has cleared 
completely owing to reabsorption and distal displacement. 
The vessels have been reperfused with blood. Total clear- 



Table 2. Embolism Bubble Dimensions 



Bubble Diameter (urn) 



Bubble Length (um) 



Air based* 
Varisolve type A 
Varisolve type B 



117-138 
66-102 
70-71 



125.8 ± 98.8 
46.8 £ 29.5 
4.5 ± 6.4 



re for lodged bubbles found only in the main arterial feeder, 
re for bubbles transiting the cremaster microcirculation, 
id bubbles not found for Varisolve types A and B. 




Figure 4. Microfoam bubbles in the cremater arterial microcirct 
tiple lodged air-based microfoam bubbles obstructing blood flc 
solve type B microfoam bubble transiting the arterioles. 



ation Arterial blood flow direction is from left to right in all images. <A) Mul- 
n. (B) Varisolve type A microfoam bubbles transiting the arterioles. (Q A Vari- 
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Fiqure 5 Varlsolve type B microfoam bubbles filling the cremaster arteriolar microcirculation. Arrows in A show the large gas volume filling 
the Wurcatlon In B b slightly more distal view appears 32 seconds later with complete clearance of the bubble and vessel reperfus,on. The 
asterisks indicate the overlapping regions between the two images. 



ance of all bubbles from the arterioles occurred in less than 
3 minutes, with complete restoration of blood flow. 

Discussion 

Intra-arterial gas embolism is a potential complication of 
foam sclerotherapy for varicose veins owing to bubble pas- 
sage through a PFO. PFO has a 10 to 35% population 
incidence, 19 and the majority of patients are asymptomatic 
and remain undiagnosed. It is critical to evaluate foamed 
sclerosants and their relationship to arterial gas emboliza- 
tion. For the purpose of compating clinical dosing in 
humans with the doses administered in this experiment, 
we consider the extreme case in which an entire sclerosing 
foam dose of 20 mL was to migrate from the venous depot 
site to the right atrium of a 60 kg adult patient with a PFO. 
If 20% of the blood volume entering the right atrium were 
to cross the PFO, * mL of microfoam would enter the sys- 
temic arterial circulation. On a volume to weight ratio 
basis, this is equivalent to 20 uL of intra-arterial foam in 
a 300 g rat used in this study. Therefore, our study dose 
levels from 50 to 400 uL represent 2,5 to 20 times the dose 
that might enter the arterial circulation. These dose equiv- 
k i e calculations are further amplified by the small vol- 
ume.of tissue of the cremaster muscle compared with the 
total volume of important end organs, such as the brain 
and heart. We also administered liquid polidocanol (3%) 
at a single dose of 1 mL/kg body weight. Based on the 
human to rat body weight ratio, this represents 56 times 
the amount of polidocanol (density of 1.6 mg/mL) in the 
usual therapeutic dose of foam (20 mL). 

iMicrofoams may be produced by a variety of agitation 
techniques to consist of bubbles initially smaller than 250 
urn. Foams are inherently unstable, and they break down 
and coalesce into larger bubbles. Gas in the venous vascu- 
lature following foam sclerotherapy can occupy a much 
larger range of bubble sizes than were initially present in 
the foam. Bubbles may enter the arterial circulation before 
complete gas absorption into surrounding tissues can 
occur. Both the gas mixture and the method of agitation 



employed to create foam can influence the size distribution 
and rate of reabsorption of any arterial embolism bubbles. 
These factors, as well as direct sclerosant effects, can dam- 
age the arterial vasculature, obstruct blood flow, and cause 
ischemic tissue injury. 

We found that direct intravenous injection of the liquid 
sclerosing agent did not alter arrerial vessel reactivity for 
an hour or more (see Figure 2). This indicates that polido- 
canol's direct toxic effects on vascular endothelium result 
from localized exposure to higher concentrations than 
those to which the arrerial microcirculation was exposed 
in our experiments. Dilution of the dose delivered into the 
specimen's circulating blood volume (65 uL/g for rats) pro- 
duced arterial concentrations of ~ 0.05%, considerably 
less than the therapeutic concentration described in clini- 
cal guidelines for rreating venous diseases. 15 Based on the 
preservation of vascular responses, we conclude that a 
normal arterial and arteriolar endothelium was present 
during microfoam embolization. We also conclude that the 
various interfacial surface interactions and binding mech- 
anisms that we have previously described as contributing 
to capturing bubbles within the microcirculation were pre- 

One major contributor to bubble lodging is the surface 
area available for surface interactions with the endothe- 
lium. Larger bubbles present a greater surface area to the 
endothelium and therefore exert more shearing force that 
slows bubble motion. Slower bubble motion and a large 
surface area allow sufficient contact time for critical adhe- 
sion forces to be established between the endothelial and 
bubble surfaces, 20 - 21 arresting bubble motion altogether. 
The results in Tables 1 and 2 demonstrate that air-based 
microfoam yielded the largest bubbles. 

The gas mixture used to create the bubbles is also a 
factor in the embolism frequency observed (see Figure 3) 
and bubble dimensions cataloged (see Tables "1 and 2). 
Based on our previously published theoretical mod- 
els, 14 - 18 it is expected that a 2.72 nL (~ 173 um diameter) 
air bubble (the average air-based bubble size) will persist 
for at least 9.2 minutes. This is much longer than the 
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time needed in the experiments (less than a minute) to 
add microfoam to the venous blood sample, stir tor 30 
seconds, and inject through the femoral catheter. The 
long bubble lifetime permits injection into "appmg 
within the cremaster microcirculation. Bubble lifetime is 
shorter if the oxygen concentration within the bubble is 
increased and the nitrogen concentration is decreased. It 
is not surprising, then, that much smaller bubbles entered 
the cremaster circulation when Varisolve microfoam was 
introduced. A 0.53 nL (~ 100 pm diameter) bubble, rep- 
resentative of the average Varisolve type A bubble found 
would persist for approximately 3.1 minutes if it we e 
composed of toom air (ie, 79% nitrogen) but it would 
reabsorb in under 1 minute if composed of the Varisolve 
type A proprietary physiologic gas formulation com- 
posed primarily of oxygen and carbon diox.de. Similarly 
a 0 20* nL (~ 73 pm diameter) bubble, representative of 
the' Varisolve type B bubbles found, would persist for 
approximately 1.6 minutes if composed of room air but 
it would reabsorb in under 30 seconds if composed of the 
proprietary gas mixture (primarily oxygen and carbon 
dioxide) used to formulate Varisolve type B. This sug- 
gests why many bubbles could be audibly detected using 
the ultrasound probe but could not concomitantly be 
seen entering the cremaster microcirculation. Bubble 
shrinkage to sizes far smaller than the monitored arteri- 
olar diameter can occur during the stirring phase = prior to 
intraarterial injection. Some of these m.crobubbles are 
evident on individual frame-grabbed videomicroscopy 
images but cannot be appreciated during conduct ot 
actual experiment or in the moving video At lower 
microfoam doses, the total gas load of the bubbles is bet- 
ter solubilized and bubbles may become well separated 
spatially, reducing coalescence. At higher microfoam 
doses, the greater total gas load is less well accommo- 
dated in the venous blood sample during mix.ng. Bubbles 
slowly decrease in size owing to the smaller concentra- 
tion gradients promoting gas absorption. The larger 
number of bubbles present also decreases the.r separation 
distance, making it more likely that coalescence, coupled 
with decreased absorption, will result in some larger bub- 
bles being oresent. . ,.,„,, 

Because of the lower nitrogen content m their formula- 
tion more rapid absorption of Varisolve bubbles occurs. 
TOs Tn part, accounts for why no smaller emboli could be 
found in the periphery after bubbles transited the moni- 
tored vessels. Another factor contributing to the.r absence 
n the periphery is that the bubble interface is coated with 
;,: d0 , ic h acts as a surface tension-reducing 
Lent or surfactant. We have previously shown in 
v ?vo in excised vessels, 2 ' and in vitro 1 " 3 that surfac- 
tants reduce adhesion between a bubble surface and the 
vessel wall. Surfactants promote more rapid bubble clear- 
ance, accelerate bubble absorption, and result m earlier 
vessel reperfusion in gas embolism. Surfactants present on 
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the bubble surface reduce, but do not eliminate, adhesion 
interactions between the bubble and endothelial surfaces. 
Although the same surfactant was present with all three 
microfoam formulations, the significantly larger air-based 
microfoam bubbles presented a sufficiently large surface 
area for adhesion and bubble lodging to have occurre: . 
Yet even the smaller Varisolve bubbles must deform into 
more narrow and elongated shapes with increasing surface 
area as they pass into smaller and smaller distal arterioles. 
That no Varisolve bubbles were detected to have lodged in 
small peripheral vessels indicates that the surfactant effect 
of decreasing adhesion force played a substantial role m 
Varisolve bubble behavior. 

We have demonstrated that microfoams not formulated 
with air and double-syringe agitation introduced fewer 
and smaller embolism bubbles, which did not obstruct 
arterial microcirculatory blood flow. As the clinical role of 
foam sclerotherapy to treat venous diseases ,s pursued 
attention must be given to foam physical factors, such as 
gas composition and bubble size. This will help improve 
the safety profile regarding the risks of arterial emboliza- 
tion and refine guidelines for use in the general population 
in which an undiagnosed PFO is prevalent. 



References 

1. Kahle B, Leng K. Efficacy of s< 
prospective, blinded, placebo-c 

-8. 

icctatic leg veins. J Am Acad ueimacoi i. 70, 

5. i 1 cu^n, a, 11 a. 1>r ; ,,: ^;^-/3^ L! ^,";;; n ;' ^ 

sclerosing foam in the treatment of varicose veins. 1 

* ESSE*. ». <— *. <=*- "»-~S 

sound-guided sclerotherapy of varicose veins m 100 legs. Dermatol 
Surg 2004;30:6-12. j„;,~ri 0 „ ' 

5 Cabrera j, Redondo P, Becerra A, c- " I 'it iso 1 

of polidocanol microfoam in the management or venous -eg ulcers. 
Arch Dermatol 2004;140:667-73. 

j J J , Garcia Olmedo MA, Redondo P. Treatment 

' of venous malformations with sclerosant in microfoam form. Arch 

7 B^-fo <;. Ccsaronc MR, Oi Rcnzo A, ct al. foam-scicrothcrapy, 
„,„, . 1, rm \ e iipy, and combined treatment i»r varicose veins: c 
10-year, prospec .s. - urolled, trial (VEDICO trial). 

, VoUmannJC, oral. Evaluation of the 
, , t r * mparcd wirt 

form in sclerotherapy of the greater saphenous vein: initial results. 

a c i 1 

- - * i No/nl.1 \ 1 v s ka i> ' ' m < • 

" guided foam sclerotherapy and duplex-guide^ i^iid^crotjrapy 

2004;30:718-22. rw,rv,ml 
10. Hsu TS; Weiss RA. Foam sclerotherapy: a new era. Arch uermaio. 
2003;139:1494-6. . 

frulliru e,-,i/ singfoa ^ r of va icosc 

veins and telangiectases: bus nam s< >aiety and compli- 

cations. Dermatol Surg 2002;28:11-5. 



:cudy. Dermatol Surg 



Supplied by The British Library - "The world's knowledge" 



Dermatol Surg 3 1 :6:June 2005 



ECKMANN ET AL: ARTERIOLAR MICROPOAM EMBOLISM 643 



Brcu FX Guggeabichler S. European Consensus Meeting on Foam 
Sclerotherapy 'April, 4-6, 2003, Tegernsee, Germany. Dermatol Surg 
I | n L F L i^c m rl u O tl"Uncs for sclc 

' ^-v' of trie* veins'f.CD 10: 183.0, .83,, 183.2, and 1833). 

11 S , , 

clearance following perfluorocarbon administration, j Appl Physiol 

u!!n«r AB^Eckraann DM. Accelerated arteriolar gas embolism 
'Sorption by an exogenous surfactant. Anesthesiology 
2002;96:971-9. •„ mlMKa ,l„ 
i, , ,u \l 1 , \ . tt. , I u,o c . 1 n 

Wf M„M .^..au , I " J " ,l - 

1, langcr AB, Lambcrtsen CJ.Eckmann DM Cerebral gas ^ mbol n 
absorption during hyperbaric therapy: theory, j Appl Physiol 



18.Sta.Maria N, Eckmann DM. Mot 
growth and rcab»orpt:or. during '< 
2003;99:638-45. 

19. fisher DC, Ksbcr EA, Budd JH, et 



echocardios 



;s. A contrast transesophageal 
07:1504-9. 

: bble adhesion force in excised 
' . \\ ri tethsiokv 2003;99:400-8. 

| i ,y s reduction m 

emboiism'bubble adhesion and endothelial damage. Anesthesiology 
T2 Eckmanri ^DM^Cavariagh DP. Bubble detachment by diffusion- 
' controlled surfavur.t adsorption. Colloids and Surfaces A 

23 Cavalfagh DpflLmann DM. The effects of a soluble surfactant on 
, s ,1 , monrry bubbles in inclined tubes. J 
Ehud Mech 2002;469:369-400. 



Supplied by The British Library - "The world's knowledge" 



